Thirty-two children with benign childhood epilepsy with centrotemporal spikes (BECTS) were studied for a mean period of 27.6 months. The characteristics of the seizures, electroencephalogram (EEG), WISC-III and School Performance Test were compared at the start and end of the study. Nine (28.1%) children continued having seizures. Epileptiform activity (EA) on the EEG reduced in number and was no longer recorded in 6 (18.7%) children. There was a significant improvement in the performance and perceptual organization IQ values. The improvement in reading performance failed to reach statistical significance. The performance in arithmetic worsened in 43.7% of the children, and this was associated with the persistence of epileptic seizures. There were no significant correlations between changes in cognitive aspects and characteristics of EA. There is a need to continue this study, and also search for other factors influencing the evolution of cognitive abilities in children with BECTS. Key words: benign childhood epilepsy with centrotemporal spikes, rolandic epilepsy, epileptiform activity, cognition, rolandic spikes.
Benign childhood epilepsy
Tedrus et al.
tor development is normal, there being no evidence of cerebral injury, and the prognosis is good, since the seizures usually disappear by the age of 15, with normalization of the EEG 1 . However in recent decades, alterations in specific neuropsychological tests, learning difficulties and worsening of school performance have been referred to in a considerable proportion of these children. The deficits are mostly related to language, memory and execution functions [2] [3] [4] [5] [6] [7] [8] . There is still controversy in the literature about the mechanisms involved in the cognitive deficits of this epileptic syndrome and longitudinal studies could provide contributions to knowledge of the relationships between the clinical and electro-encephalographic aspects, and also verify if the children show discreet deficits, stagnation or cognitive regression.
The longitudinal studies have been diversified with respect to the evaluation methods, populations studied, typical or atypical, and the time accompanied. Some studies have suggested that in BECTS, the cognitive deficit and school difficulties are transitory, as also the seizures and EEG alterations [9] [10] [11] , although discreet neuropsychological alterations 11, 12 and school difficulties could persist in the final evaluation according to parents and teachers 10 . Thus the objective of this research was to study children with typical BECTS with respect to the relationships between the clinical, cognitive and electroencephalographic aspects, and also the basic elements of the school performance evaluation.
METHOD Participants
Forty-nine children with BECTS from the Child Neurological Outpatients Department and Electroencephalographic Service of the Celso Pierro Hospital and Maternity Hospital of PUC-Campinas took part in the initial evaluation. For inclusion, the children attended the following criteria:
[1] Diagnosis of BECTS according to the International Classification of Epilepsies and Epileptic Syndromes [2] Normal neuropsychomotor development, neurological examination and neuroimage studies;
[3] Absence of a history of neurological and neurological problems;
[4] Consent of the parents to take part in the research and signing of a free and informed consent form as approved by the Ethics Committee for research with human beings.
Of the 49 children, consent was not given for 6 children to take part in the evolutive study and another 11 did not return for the evaluations.
Thirty-two children took part in the present evolutive study for a minimum period of accompaniment of one year and mean participation of 27.6 months (median: 23 months). Of these children, twenty were evaluated at two points in time, 8 on 3 occasions and 4 on 4 occasions. The ages varied from 7 to 11 years old and 17 were of the female gender.
Procedures
The following procedures were carried out:
[1] Medical history with the parents or person responsible and raising of the case histories containing the clinical and laboratory data. Of the clinical data with respect to the seizures, the age when they started, the number and type of seizure and the time since the last seizure were evaluated, and also the use of anti-epileptic medication.
[2] Conventional neurological examination.
[3] The School Performance Test (SPT) 15 is a psychometric instrument validated and standardized for use in Brazil, with a favorable report by the Psychological Test Evaluation System (Federal Psychology Council, Brazil), which aims to offer, in an objective way, an evaluation of the fundamental capacities for school performance.
The SPT was conceived to evaluate children in the 1 st to 6 th grades, and indicates, in a wide reaching way, which school learning areas have been preserved or prejudiced in the child under examination Each sub-test presents a scale of items in increasing order of difficulty, which are presented to the child independent of his school grade. The sub-test is stopped when the child is no longer able to solve the proposed situation. The net scores are calculated for each sub-test and hence the total net score can be calculated, which is converted into a classification per school grade using a table, the categories being upper, middle and lower, corresponding, respectively, to the 25% of subjects with the highest scores, the 25 to 75% in the middle group and the 25% with the lowest scores. It is possible to compare the net score with the expected score according to age.
[4] Edinburgh Inventory: instrument used to evaluate the lateral dominance of a child.
[5] Wechsler intelligence Scale for Children (WISC-III): used to determine cognitive performance in both qualitative and quantitative terms. This scale proposes problems that allow for appreciation of the capacity of the subjects with respect to memory, attention, action planning, spatial orientation and other aspects connected to mental function. It is composed of 2 types of evaluation: that of cognitive performance related to verbal aspects (Verbal IQ) and that of cognitive performance relat- ed to non-verbal aspects, that is, of performance (Performance IQ).The following factorial indexes were also studied: verbal understanding, resistance to distraction, perceptual organization and processing velocity.
[6] Digital electroencephalogram: cerebral electrical activity was recorded with a resolution of 12 bits, 0.5 and 35 Hz filters, at a rate of 200 samples per second using the Braintech 3.0 equipment (EMSA Equipamentos Médicos). Impedance was maintained below 10kΩ. The electrodes were placed according to the 10-20 international system 16 and the reference consisted of inter-connected auricular electrodes. The recording was made while resting, hyperventilation and, when possible, during spontaneous sleep.
The background activity and the presence of epileptiform activity (EA) were studied on the resting EEG. Localization, hemispheric laterality and the number of EA were examined. The EA were counted for a 5 minute sequence, the child remaining with his eyes shut, and the mean EA per minute then calculated. The EA was evaluated as being unilateral or bilateral and the laterality characterized considering its unilateral occurrence or its clear predominance in one of the cerebral hemispheres.
Data analysis
The relationships between the clinical and electroencephalographic aspects and the results of the SPT and WISC-III in the initial evaluation were studied, and the same aspects compared between the initial and final evaluations.
Parametric (t test, ANOVA) and non-parametric (Chi-square, Wilcoxon, Mann-Whitney test) statistical tests were used depending on the situation under analysis. The level of significance was p<0.05.
With respect to the SPT, changes occurring in the superior, middle and inferior categories during the evolution were evaluated.
In order to identify possible differences between the group that took part in the evolutive study (32 children) and the group that only took part in the initial evaluation (17 children), these two groups were compared with respect to the following: age of the child, age at the first seizure, total number and type of seizures, time since the last seizure, total number of EA on the EEG and the results of the SPT and of the verbal, execution and total IQ values. No significant differences were detected between the groups (Mann-Whitney test, p>0.05). Table 1 shows the ages of the children at the start and end of the study, age when the first seizure occurred, time since the last seizure and approximate total number of epileptic seizures.
RESULTS

Clinical and electroencephalographic aspects
Nine (28.12%) of the children had seizures during the period under observation.
At the time of the initial evaluation, fifteen children were taking anti-epileptic drugs (carbamazepine, phenobarbital or valproic acid) and 14 during the subsequent period.
All the children presented normal background activity on the resting EEG. Table 1 shows the locality, laterality and mean number of EA on the initial and final EEG.
The EA on the EEG reduced in number significantly (Wilcoxon, p=0.001) during the study, and were no longer recorded on the final EEG in 6 (18.7%) of the children. Table 2 shows the mean values and standard deviations for the IQ values and factorial indices in the initial and final evaluations, and the p values when compared (Wilcoxon for paired samples).
Cognitive aspects
A statistically significant improvement in the performance and perceptual organization IQ values was observed (Wilcoxon, p<0.05). Benign childhood epilepsy Tedrus et al. Table 3 shows the distribution of the cases according to the performance in the SPT in the initial and final evaluations., On determining the corrected classification per school grade, their performance remained in the lower group in 50% or more of the children for writing, arithmetic and the total score. Although some children with inferior performance in reading or writing in the initial evaluations were classified as middle/upper in the final evaluation, the differences in the evolutive distribution did not reach statistical significance (Chi-square, p>0.05). There were no significant correlations between the improvement in SPT and the evolution of the performance and perceptual organization IQ values. A worsening in performance was observed in arithmetic for 14 (43.7%) of the children (Chi-square, p=0.024).
Relationship between the clinical, electroencephalographic and cognitive aspects No relationship was found between the WISC-III and the gender or age of the children.
No statistically significant correlation was observed between the occurrence of epileptic seizures during the period of accompaniment and any change in evolutive performance in the WISC-III (Chi-square, p>0.05).
A statistically significant relationship was found between the occurrence of epileptic seizures during the period of accompaniment and a worsening performance in the sub-test for arithmetic in the SPT in the final evaluation, when compared to the initial one (Fisher test, p=0.020) ( Table 4) . On the other hand, such a correlation was not found for the total SPT for reading and writing.
The worsening performance in arithmetic in the SPT was not related to the use of anti-epileptic drugs (ChiSquare, p=0.96).
No significant relationship was found between the age when the first seizure occurred and the evolutive performance in the WISC-III (improvement or stabilizing) or the SPT (Chi-square or Fisher's exact test).
There was no significant correlation between EA number and WISC-III and SPT results (Spearman correlation coefficients and Mann-Whitney test, respectively) in the initial and final evaluations.
There were also no statistically significant differences between the reduction in EA on the EEG (50% or more) and performance in the SPT (Fisher's exact test or Chi-square test) and the WISC-III (Mann-Whitney U test, p<0.05). Table 5 shows the initial and final IQ means for the subgroups with or without epileptiform activity reduction of 50% or more in the final evaluation and p values in the comparisons.
DISCUSSION
The children evaluated in this study were accompanied for a mean period of 27.6 months and showed clinical, electroencephalographic and cognitive characteristics typical of BECTS 6 . In the period of accompaniment, 28.12% of the children continued to have seizures and a significant reduction in the number of EA was observed on the final EEG and their complete disappearance in 6 (18.75%) cases. Although an evolution in the clinical-EEG occurred, the majority of the children were still in the active phase of the "epileptic process" either according to the continuation of the seizures or of the EA.
In agreement with the literature, in this study the children with BECTS showed IQ values (WISC-III) within the limits of normality 5, 7, [10] [11] [12] , but still showed significant improvements in the performance and perceptual organization IQ values. This evolution was not related to characteristics of the locality or the side and number of EA. In a 2-year evolutive study, Baglietto et al. 5 showed improvements in the performances in the total, verbal and performance IQ values, as related to the disappearance of EA on the EEG.
In this research, using an instrument that evaluates basic abilities for school performance, progress in the performance of the net scores was shown, but when corrected for school grade, the performance for arithmetic and writing remained in the lower group, in the inferior quartile, when compared to normal, healthy children in according with other studies 17, 18 . Some of the children moved from lower performance to middle/higher performance, but without statistical significance with respect to this evolution. A tendency for favorable evolution with respect to school performance could not therefore be considered 10, 11 . On the other hand various children remained in the inferior range for reading and writing performance in the SPT, concordant with a transitory stagnation phase or even regression in cognitive abilities such as reading and writing, as referred to by parents and teachers of children with BECTS [2] [3] [4] [5] 8, 19 . During the period of accompaniment a worsening in performance in arithmetic was observed, associated with persistence of the epileptic seizures, a relationship not found in the literature. The relationship between worsening performance in arithmetic with worsening in reading and writing referred to by Piccinelli et al. 20 was not confirmed in the present study.
Other sporadic factors reported in the development of the cognitive changes such as an early start 20 , occurrence of numerous seizures, prolonged duration of the active epileptic phase 9 and the disappearance of the epileptic seizures [4] [5] [6] 11, 21 were not confirmed in the present study. Also, significant correlations were not found between characteristics of the EA, such as number, side or localization and cognitive evolutive aspects. However, in this study the presence of an intermittent slow-wave focus during wakefulness and the analysis of the first hour of sleep EEG recording were not assessed, and these EEG aspects could possibly correlate with educational impairments 22 . One of the mechanisms by which the EA of the EEG could interfere with cognition is that of the occurrence of transitory cognitive disturbances during the EA 23 . How-ever in a specific study about transitory cognitive disturbance in 34 children with BECTS, a transitory deficit was only observed in a small percentage of the children, suggesting that the EA is not necessarily a generator of cognitive or behavioral disturbances in the majority of cases 24 . On the other hand EA indicates variable, cortical hyper-excitability at the time and location, and is, in general, ample and not exclusively focal, and could interfere in a chronic way in brain functioning, and, as a consequence generate neuropsychological difficulties 2, 3, 25, 26 . A direct relationship between EA and cognitive disturbances has been difficult to document.
Some studies have suggested that children presenting an elevated number of EA on the EEG have lower IQ values 19, 27 or language disturbances 11 and their cognitive performance tends to improve with normalization of the EEG.
There is controversy about the role of modifications in the functional representation of language occurring due to EA in the genesis of cognitive dysfunctions in some children in the active epileptic phase 2, 10 . Different brain language organization may persist even after complete remission of the BECTS 12 .
According to the hypothesis of Doose et al. 28 , another possible factor in the genesis of both the epileptic phenomena (seizures and EA) and cognitive and behavioral manifestations, could be a concomitant brain immaturity.
In conclusion, in the typical BECTS casuistry, evolving with a reduction in epileptic seizures and EA, there were improvements in performance with respect to IQ, but regression in arithmetic, the latter being related to recurrent continuation of the seizures.
A more prolonged study is required up to complete remission of the seizures and disappearance of the EA on the EEG for a better understanding of the neuropsychophysiological processes involved in this epileptic syndrome.
Other markers in the relationships with the cognitive aspects should be investigated, such as the characteristics of the basal cerebral electric activity, which are altered in BECTS 29, 30 .
